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1
POWER-LINE NETWORK WITH
MULTI-SCHEME COMMUNICATION

FIELD

Aspects of various embodiments are directed to power-
line communication networks delivering data over power-
lines using multiple types of signals.

BACKGROUND

The electrical grid delivers electrical power to consumers
using an interconnected power network. Power stations/
plants produce electricity from a number of different power
sources including, but not limited to, combustible fuels,
nuclear fission, water, solar energy and wind. Utility power
lines deliver the electricity from the power stations to
consumer’s premises (e.g., customers of the power supply
provider), which include residential and commercial build-
ings. Long distance transmission can be carried out using
high voltage alternating current (AC) (e.g., on order of
hundreds of kilovolts), which is useful for reducing energy
loss. Substations include transformers for reducing the volt-
age (e.g., under 10,000 volts or under 13,200 volts) for
subsequent delivery to a local area. The voltage can be
further reduced (e.g., down to 120-280 volts) using a local
transformer, sometimes referred to as a transformer drum/
can for its traditional drum-like shape or as a pad mount, for
delivery to a consumer’s premises. For example, in residen-
tial circumstances, the voltage can be further reduced down
to 240 volts using a local transformer.

Service providers are dependent on proper operation of
their respective networks to deliver services to the custom-
ers. Often, it can be desirable or necessary to ascertain
information regarding the services that are provided. For
example, the service provider may want access to daily
usage reports to efficiently bill their customers for the
resources that are consumed or otherwise utilized by the
customers. Therefore, it is important for data specifying
resource utilization and other information to be reliably
transmitted and/or received at specified intervals.

In power line communication (PLC) networks, data from
a power substation (e.g., from the collector/transmitter) can
be communicated to the endpoint circuits in the network
(e.g., meters, load control switches, remote service switches,
and other endpoints) by transmitting data over power lines
that also carry alternating current. In some instances, there
is no common communication scheme to use to communi-
cate to all endpoint circuits in the PL.C network, which poses
a challenge for communicating data to the endpoint circuitry.
To communicate data to the endpoint circuitry, a different set
of electronics could be designed and dedicated for each
different communication scheme. However, dedicated sets
of electronics can raise concerns in terms of physical space,
power consumption, increased heat, and communication
interference.

These and other matters have presented challenges to
power line communication networks, for a variety of appli-
cations.

SUMMARY

Aspects of the present disclosure are directed to power-
line communication networks delivering data over power-
lines using multiple communication schemes, and that are
applicable to a variety of applications, devices, systems and
methods. One or more embodiments provide for transmis-
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sion of a signal that represents a combination of different
data streams, each data stream being formatted according to
a different communication scheme used for conveying data
symbols to endpoint circuits corresponding to a correspond-
ing communication scheme.

Aspects of the present disclosure are directed toward a
system with distributed endpoint circuits that communicate
with collector circuitry over power distribution lines. Par-
ticular embodiments are directed toward a modulation/
encoding solution that accounts for communication of data
from a power substation to endpoint circuits that correspond
to different communication schemes. For example, different
data streams formatted according to different communica-
tion schemes can be combined for simultaneous transmis-
sion. Although not limited thereto, certain aspects of the
present disclosure are premised upon the discovery that by
combining the data streams, the PL.C network can transmit
a signal that represents a combination of the different data
streams and corresponding communication schemes simul-
taneously.

According to a number of example embodiments, end-
point circuits are configured to communicate using at least
one communication scheme over a power line. In some
embodiments, a first subset of endpoint circuits are config-
ured to communicate using a first communication scheme
and not configured to communicate using a second commu-
nication scheme. A second subset of endpoint circuits are
configured to communicate using the second communica-
tion, and not configured to communicate using a first and/or
third communication. The different communication schemes
in the PL.C network can occur when an upgrade or new
system is deployed and not all of the endpoint circuits are
upgraded or for many other reasons, such as different entities
sharing the same power lines. Aspects of the present dis-
closure recognize that not all endpoint circuits in a PL.C
network are capable of communicating using all of the
different communication schemes or using a common com-
munication scheme.

Therefore, as PLC networks are deployed and/or evolve,
a PLC network can include endpoint circuits that commu-
nicate using multiple different communication schemes. In
embodiments, a transmitter may be used to transmit signals
to endpoint circuits using the multiple different communi-
cation schemes. However, due to space constraints on a
power substation, placing two sets of electronics in a single
enclosure can be problematic for space and thermal consid-
erations. It has been discovered that a single transmitter can
transmit a signal that represents a combination of multiple
data streams and corresponding communication schemes
over a relatively high bandwidth with high power output as
compared to a single signal bandwidth transmitter. Such a
transmitter can be used, in various embodiments, to transmit
multiple different data streams and corresponding commu-
nication schemes to respective endpoints simultaneously.

Certain embodiments are directed to a power-line com-
munication apparatus. The apparatus includes a signal-
processing circuit, a pulse-modulation circuit, and an output
circuit. The signal-processing circuit is configured and
arranged to combine a plurality of different data streams,
each of the plurality of different data streams respectively
formatted according to different communication schemes
used for conveying the data symbols to certain of endpoint
circuits of a power-line communication network, to form a
signal that represents a combination of the different data
streams and corresponding communication schemes. The
pulse-modulation circuit is configured and arranged to con-
vert the signal, as combined by the signal-processing circuit,
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as a pulse-width modulated (PWM) or a pulse-density
modulated (PDM) signal, the pulse-modulation circuit con-
figured and arranged to switch at a frequency of not less than
10 kilohertz (KHz). Further, the output circuit is configured
and arranged to filter the switching frequency from the
PWM or PDM signal and to couple the filtered PWM or
PDM signal to an injection transformer for presentation to
the endpoint circuits.

Various embodiments are directed to a system. The sys-
tem comprises a signal-processing circuit, a pulse-modula-
tion circuit, an output circuit, and an injection transformer.
The signal-processing circuit is configured and arranged to
combine a plurality of different data streams, each of the
plurality of different data streams respectively formatted
according to different communication schemes used for
conveying the data symbols to certain of the endpoint
circuits, to form a signal that represents a combination of the
different data streams and the corresponding communication
schemes. The pulse-modulation circuit is configured and
arranged to convert the signal, as combined by the signal-
processing circuit, as a pulse-width modulated (PWM) or a
pulse-density modulated (PDM) signal, the pulse-modula-
tion circuit configured and arranged to switch at a frequency
of'not less than 10 KHz. The output circuit is configured and
arranged to filter the switching frequency from the PWM or
PDM signal and to couple the filtered PWM or PDM signal
to an injection transformer for presentation to the endpoint
circuits. And, the injection transformer is configured and
arranged to couple the filtered PWM or PDM signals to
power lines for delivery to the endpoint circuits.

Various embodiments are directed to a method for pro-
viding data over a power-line communication network by
transmitting data symbols from a power station to endpoint
circuits over power lines using communication channels.
The method includes combining, by summing, a plurality of
different data streams, each of the plurality of different data
streams respectively formatted according to different com-
munication schemes used for conveying the data symbols to
certain of the endpoint circuits, to form a signal that repre-
sents a combination of the different data streams and cor-
responding communication schemes, and each of the plu-
rality of different data streams respectively corresponding to
different carrier frequencies. The method further includes
converting the signal, as combined, as a pulse-width modu-
lated (PWM) or a pulse-density modulated (PDM) signal
using a pulse-modulation circuit configured and arranged to
switch at a frequency of not less than 10 KHz and more than
the different carrier frequencies, and filtering the switching
frequency from the PWM or PDM modulated signal using a
band-pass filter. And, the method includes transmitting the
filtered PWM or PDM signal to at least one of three phase
lines via an injection transformer for presentation to the
endpoint circuits, and transmitting, using the injection trans-
former, the filtered PWM or PDM signals to the endpoint
circuits over (utility) power lines.

The above discussion/summary is not intended to describe
each embodiment or every implementation of the present
disclosure. These and other aspects of the present disclosure
are exemplified in a number of implementations and appli-
cations, some of which are described in the accompanying
drawings and the description below.

BRIEF DESCRIPTION OF THE FIGURES

Various example embodiments may be more completely
understood in consideration of the following detailed
description in connection with the accompanying drawings,
in which:
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FIG. 1 is a block diagram of an example network envi-
ronment in which endpoint circuits transmit data, in accor-
dance with one or more embodiments of the present disclo-
sure;

FIG. 2 depicts a system in which a plurality of endpoint
circuits are located at different locations, in accordance with
one or more embodiments of the present disclosure;

FIG. 3 is a block diagram of an example power substation
with a PLC device, in accordance with one or more embodi-
ments of the present disclosure;

FIG. 4 is a block diagram of an example collector
circuitry, in accordance with one or more embodiments of
the present disclosure;

FIG. 5 is a block diagram of an example DSP board, in
accordance with one or more embodiments of the present
disclosure;

FIG. 6 is a flow diagram illustrating combining multiple
different data streams to form a signal and modulating the
signal in accordance with one or more embodiments of the
present disclosure; and

FIG. 7 is a flow diagram illustrating a process of provid-
ing data over a power-line communication network in accor-
dance with one or more embodiments of the present disclo-
sure.

While various embodiments discussed herein are ame-
nable to modifications and alternative forms, aspects thereof
have been shown by way of example in the drawings and
will be described in detail. It should be understood, however,
that the intention is not to limit the invention to the particular
embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling
within the scope of the disclosure including aspects defined
in the claims. In addition, the term “example” as used
throughout this application is only by way of illustration,
and not limitation.

DETAILED DESCRIPTION

Aspects of the present disclosure are believed to be
applicable to a variety of different types of apparatuses,
systems and methods involving delivering data over power-
lines using multiple communication schemes in a power-line
communication (PLC) network. Transmitter and collector
circuitry, in various embodiments, can be used to simulta-
neously communicate the different data streams correspond-
ing to different communication schemes to endpoint circuits
in the PL.C network by creating and combining the multiple
data streams to form a signal.

Consistent with various embodiments, a plurality of end-
point circuits can be located at homes, buildings and other
locations to which electrical power is distributed. The end-
point circuits can be configured to communicate using
different communication schemes and over shared power
lines. For example, a first subset of endpoint circuits can be
configured to communicate using a first communication
scheme and are not configured to communicate using a
second (or more) communication scheme. A second subset
of endpoints can be configured to communicate using the
second communication scheme and are not configured to
communicate using a third (or first) communication scheme.
That is, there is not a single communication scheme that can
be used to communicate data to all of the endpoint circuits
in the PLC network. This may occur, for example, when an
upgrade or a new system is deployed and not all of the
endpoint circuits are replaced, upgraded, or updated, or for
many others reasons (e.g., multiple entities sharing the same
power lines while using different systems).
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In certain embodiments, the communication schemes may
be different because of different modulation techniques
used, for example a frequency-shift keying as opposed to a
phase-shift keying technique. For instance, using the above
provided example, the first subset of endpoint circuits can
use a frequency-shift keying technique and the second
subset of endpoint circuits can use a phase-shift keying
technique. The different communication schemes may also
use different communication channels, where each channel
represents the ability to convey information to an endpoint.
For example, each channel corresponds to a different carrier
frequency, a different time, a different coding, or combina-
tions thereof.

In order to communicate data to the endpoint circuits
simultaneously, when there is not a common communication
scheme, a separate set of electronics (e.g., separate sets of
printed circuit boards (PCBs)) could be used for each
communication scheme. It may be desirable to attempt to
enclose all of the different electronics into a single enclosure
on a power substation. Each set of electronics can be used
to inject signals onto a power line in response to data streams
formatted according to a particular communication scheme.
The use of dedicated PCBs, for example, may consume
additional resources, such as power, physical space, and
thermal budget. Moreover, a new set of dedicated circuitry
will be added for each new future communication scheme.

According to various example embodiments, aspects of
the present disclosure are directed toward transmitting mul-
tiple data streams, combined into a signal that represents a
combination of the data streams and corresponding commu-
nication schemes, over power utility lines to endpoint cir-
cuits. The various endpoint circuits can be configured to
communicate using particular data streams formatted
according to different communication schemes. To commu-
nicate data from a power substation to the endpoint circuits,
a PLC apparatus can generate the multiple different data
streams, each data stream being formatted according to a
communication scheme that certain endpoint circuits are
configured to communicate using. The PLC apparatus can
include circuits that are designed to combine the different
data streams to form a combined signal. The combined
signal can be introduced to the power lines using an injection
transformer, and the signal is thereby transmitted over power
lines to the endpoint circuits. The use of the combined signal
can be particularly useful for simultaneous transmission of
the different data streams to the endpoint circuits. As such,
embodiments in accordance with the present disclosure can
include simultaneous downstream communication of data
streams from a power substation to particular endpoint
circuits that correspond to different communication
schemes.

Particular embodiments are directed toward a system that
is designed to inject signals onto the power lines without
necessitating specialized circuitry for each communication
scheme, including potential future communication schemes
that do not yet exist. For instance, a signal processor circuit
can be configured to produce an analog version of whatever
signals (and corresponding communication scheme) are
defined by the data streams. The combination of the signals
in the analog realm can then be converted into a control
signal (e.g., pulse-based signal) that can be used to control
the injection of the combined signal onto one or more power
lines.

In accordance with some embodiments, a device and/or
system can include a PL.C apparatus configured to provide
data over a PLC network by transmitting data symbols from
a power substation to endpoint circuits (or devices) over a
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power line using communication channels. The apparatus
includes a signal-processing circuit, a pulse-modulation
circuit, and an output circuit. The signal-processing circuit
combines a plurality of different data streams to form a
signal that represents a combination of the data streams and
corresponding communication schemes. For example, each
of the plurality of different data streams are respectively
formatted according to a different communication scheme,
which can correspond to a respective set of endpoint circuits.
This may occur, for example, when the data streams corre-
spond to different types or versions of PLC communication
systems. The data to be sent to the endpoint circuits is what
is used to generate the plurality of data streams, and the
particular communication scheme for each data stream can
correspond to the endpoint circuits’ communication capa-
bilities.

As discussed herein, the communication schemes can
vary in their different modulation techniques, carrier fre-
quencies, or other encoding properties. The data streams
formatted according to a communication scheme can contain
(e.g., carry) the modulation technique and the combined
signal can retain the modulation technique of each of the
different communication schemes. The pulse-modulation
circuit converts the signal, as combined by the signal-
processing circuit, to a PWM or a PDM signal. The PWM
or PDM signal can be used to control switching circuitry that
generates an analog signal that is capable of being trans-
mitted over power lines. As discussed herein, the pulse-
modulation circuit can switch at a frequency that is suffi-
ciently high so as to preserve the integrity of the different
data streams and their different communication schemes.
For instance, communication schemes that operate at fre-
quencies of around 300 Hz to 2 KHz might use a pulse-
modulation circuit that switches at 10 KHz or more (e.g., at
15 KHz).

Consistent with embodiments, the use of a pulse-modu-
lation circuit can introduce a frequency component at the
switching frequency and at harmonics thereof. The output
circuit can be configured to filter the switching frequency,
and its harmonics, from the PWM or PDM signal and
couples the filtered PWM or PDM signal to an injection
transformer for presentation to the endpoint circuits. Con-
sistent with embodiments, the system can be designed with
use of three phase power, for which each of the three phases
can be provided on separate power lines (for ease of dis-
cussion each line is herein referred to as a “phase line”).
Consistent with embodiments, the combined signal can be
coupled to one or more of the three phase lines of the PL.C
network. Coupling the same combined signal on more than
one phase line can be useful for improving the bit error rate
(e.g., where the endpoint devices recover the signal from
multiple phase lines to improve signal quality). In certain
embodiments, each phase line could be coupled to a different
combined signal, which can be useful for increased band-
width.

As used herein, a utility power line (e.g., electrical lines)
can provide power to multiple locations, buildings, and
customers. Utility power lines are arranged between con-
sumers of power and power substations associated with a
power source generating the power, and configured to pro-
vide power to internal electrical lines of the consumers (e.g.,
within residential and commercial buildings).

Turning now to the figures, FIG. 1 is a block diagram of
an example PLC network environment 100 in which end-
point circuits 104a-f communicate data with collector cir-
cuitries, consistent with embodiments of the present disclo-
sure. The PLC network environment 100 includes a service
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network 112 in which a plurality of endpoint circuits 104a-
104f are coupled (e.g., communicatively coupled) to a PLC
device at a power substation 106a-1065. The PL.C device at
the power substation can include a multi-scheme collector-
transmitter device. The network environment 100 includes a
service network 112 in which a plurality of endpoint circuits
104a-104f are coupled (e.g., communicatively coupled) to
collector circuitry (located at the substations 106a, 1065).
Consistent with embodiments of the present disclosure, the
endpoints 104 can provide data from utility meters 102a-
1024, although other sources of data are equally possible. In
some instances, data can be provided from power meters,
gas meters and/or water meters, which are respectively
installed in gas and water distribution networks. For ease of
description the embodiments and examples are sometimes
described with reference to endpoints 104 as providing
utility data (e.g., power) metering over a power distribution
network. However, the embodiments are not so limited and
it is understood that other data can also be communicated by
endpoint circuits.

In certain embodiments, the endpoints are configured to
communicate using different communication schemes. A
first subset of endpoints can be configured to communicate
using a first communication scheme that a second subset of
endpoints might not be designed or capable of using, and the
second subset of endpoints can be configured to communi-
cate using the second communication scheme that the first
subset of endpoints might not be designed or capable of
using. That is, there might not be a common communication
scheme that can be used by all of the endpoints. The
differences between the different communication schemes
can include, but are not necessarily limited to, different
modulation techniques and carrier frequencies. In various
embodiments, some of the endpoint circuits may be config-
ured to communicate using either of the communication
schemes.

For example, FIG. 1 illustrates a subset of endpoints as
“EP-17, a subset of endpoints as “EP-2”, and a subset of
endpoints as “EP-3”. EP-1 can be indicative of an endpoint
configured to communicate using a first communication
scheme and EP-2 can be indicative of an endpoint circuit
configured to communicate using a second communication
scheme. EP-3 can be indicative of an endpoint configured to
communicate using a third communication scheme or an
endpoint configured to communicate using both the first and
second communication schemes. In embodiments, multiple
data streams are combined so that they can each be trans-
mitted from the substation 106a, 1065 to the endpoint
circuits 104a-f. As used herein, downstream communication
can include communication of data from the substation (e.g.,
from the collector/transmitter) to the endpoint circuits.

In various embodiments, a PLC device provides for data
transmission from the power substation 1064, 1065 to end-
point circuits over power lines. For example, the power
substations 1064, 1065 can include PLC devices configured
to provide data over a PLC network by transmitting data
symbols from the power substation 106a, 1065 to endpoint
circuits 104 using a data communication channel. A com-
munication channel can be used to convey information and
can be at a particular frequency and/or time. Each PLC
device includes a signal-processing circuit, a pulse-modu-
lation circuit, and an output circuit.

The signal-processing circuit can combine a plurality of
data streams to form a signal. In various embodiments, the
plurality of different data streams can be combined by
summing. Further, each of the plurality of different data
streams can be formatted according to different communi-
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cation schemes. The combined signal can be a digital signal
that represents a combination of the different data streams
and corresponds to the different communication schemes.

In various embodiments, the signal-processing circuit can
generate each of the plurality of different data streams. For
example, the signal-processing circuit can include a digital
signal processor (DSP) on a PCB board. In some instances,
the PCB board can be designed for insertion and removal
from an enclosure that can house multiple PCB boards (or
multiple “blades™). The signal-processing circuit can receive
data streams from one or more sources. For instance, a
computer server can transmit data to the signal-processing
circuit over a connection, such as using an Ethernet con-
nection. In various embodiments, the plurality of different
data streams are received in a digital form that indicates both
the data content and the different communication schemes to
be used in transmissions over the power lines (e.g., modu-
lation techniques and/or carrier frequencies). Interface cir-
cuitry can link the signal-processing circuit to a pulse-
modulation circuit so that the combined data streams can be
converted into a PWM or PDM signal.

The pulse-modulation circuit can convert the signal, as
combined by the signal-processing circuit, to a PWM or a
PDM signal. The pulse-modulation circuitry can operate at
a switching frequency that is sufficiently high so as to
preserve the integrity of the different data streams corre-
sponding to the different communication schemes. As a
non-limiting example, for a combination of two communi-
cation schemes operating within a frequency range of about
300 Hz to 2000 Hz, it has been discovered that a switching
frequency of about 10 KHz, 15 KHz, or more can be
sufficient. A switching frequency, as used herein, can include
a speed at which the pulse-modulation circuit is a capable of
generating pulse signals. Thus, the switching frequency
signal can be increased in order to improve the granularity
at which pulses can be provided; however, higher switching
frequencies can require more costly circuitry and consume
additional power.

Consistent with embodiments, PDM can be used to rep-
resent an analog signal in a binary digital form. In a PDM
encoding, specific amplitude values of the analog signal can
be represented by the relative density of binary data pulses.
Pulse-width modulation (PWM) is one type of PDM encod-
ing, in which the pulsed width is varied to represent the
analog signal in a digital form. The pulses can be evenly
spaced in time at a distance corresponding to a encoding/
switching frequency. For instance, the amplitude at each
sample of an analog signal can be converted to a pulse with
a corresponding width. The PDM encoding allows the signal
to be easily amplified in a binary form. In some embodi-
ments, the PDM encoded signal may be amplified during the
PDM encoding process so that the signal can be used to
drive high power switching circuitry.

In some embodiments, the PDM encoding is performed
using a Class D amplifier. A Class D amplifier is a switching
amplifier, in which the output signal is either fully on or fully
off. This characteristic is useful in encoding binary signals,
such as in PDM encoding, and significantly reduces the
power consumption in comparison to a linear amplifier,
which is used for amplification of analog signals. Alterna-
tively, the amplification in some embodiments can include a
linear amplification.

The conversion of the combined analog signal into the
digital realm can introduce unwanted frequency components
to the resulting signal. For a pulse-modulation circuit, at
least a portion of these unwanted frequencies can be at, or
derived from, the switching frequency. Where the switching
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frequency is significantly higher than the carrier frequencies,
a low-pass (or bandpass) filter can be used to remove these
high frequency components from the PDM encoded signal.
The filtered signal can then be amplified and provided to the
switching circuit where it is injected onto the power lines
and thereby converted back to analog.

In certain embodiments, the output circuit can include a
filter for removing unwanted frequencies, including the
switching frequency from the PWM or PDM signal. The
output circuit can also filter the AC frequency of the power
distribution lines and prevents high voltage of the power
distribution lines from damaging the transmitter circuit (e.g.,
the switching circuitry, as discussed further herein). That is,
the output circuit filters high frequency components of the
PWM or PDM encoded signal and uses a switching circuit
to produce an amplified version of the filtered signal. Fur-
ther, the output circuit can couple the filtered PWM or PDM
signal to an injection transformer for presentation to com-
municatively couple the filtered signal from the output
circuit to the power lines.

In some embodiments, the signal-processing circuit and
the pulse-modulation circuit can be designed in a manner
that is neutral to the particular communication scheme being
used. For instance, the signal-processing circuit can be
configured with sufficient bandwidth to convert various data
streams into the analog realm for a variety of different
communication schemes that might be used by endpoint
circuits. The bandwidth can depend, at least in part, upon the
switching frequency and the filtering provided by the sys-
tem. In certain embodiments, the switching frequency can be
adjusted according to the particular communication
scheme(s) being used.

Data communication over utility distribution networks
(e.g., a PLC network) can be difficult due to the environment
of the transmission mediums and the sheer number of
endpoint circuits, which contribute to a host of issues
including synchronization, communication bandwidth and
cost concerns. For example, data transmitters for power lines
must be able to handle high voltages inherently present on
the power lines. The PL.C network environment 100 shown
in FIG. 1 may also exhibit dynamic impedance changes
which may make communication difficult due to coupling
capacitor degradation, addition and removal of other end-
point circuits 104, reconfiguration of the network to balance
power loads, reconfiguration of frequency bands assigned to
the transmitters, environmental factors, etc. As a result of
changes to signal conditions on the power lines, endpoint
circuits can have communication circuits (e.g., transmitters)
that may dynamically adjust the gain for signals transmitted
to the collector.

The signal-processing circuit can also be configured to
adjust amplitudes and/or phasing remotely. For example, in
response to a control signal, the signal-processing circuit can
adjust a duty cycle parameter of the PWM or PDM signal by
changing its amplitude. Further, the signal-processing circuit
and the pulse-modulation circuit can, in response to a control
signal, adjust the duty cycle of the PWM or PDM signal by
changing the shape, phase, and/or amplitude.

The endpoints 104 can be implemented to monitor and
report various operating characteristics of the service net-
work 112. For example, in a power distribution network,
meters 102¢-1025 can monitor characteristics related to
power usage in the network. Example characteristics related
to power usage in the network include average or total power
consumption, power surges, power drops and load changes,
among other characteristics. In gas and water distribution
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networks, meters can measure similar characteristics that are
related to gas and water usage (e.g., total flow and pressure).

When the endpoints 104 are implemented as power
meters in a power distribution network, the power meters
transmit reporting data that specify updated meter informa-
tion that can include measures of total power consumption,
power consumption over a specified period of time, peak
power consumption, instantaneous voltage, peak voltage,
minimum voltage and other measures related to power
consumption and power management (e.g., load informa-
tion). Each of the power meters can also transmit other data,
such as status data (e.g., operating in a normal operating
mode, emergency power mode, or another state such as a
recovery state following a power outage).

In FIG. 1, endpoints 104a-104¢ and 1044-104f transmit
data over power lines to a PLC device at the power substa-
tion 106a-1064, respectively. Further, the PLC device at the
power station can be used to communicate with endpoints
using multiple different data streams and corresponding
communication schemes. The PLC device can be used to
couple filtered PWM or PDM signals that represent a
combination of different data streams and corresponding
communication schemes, to an injection transformer for
presentation to endpoint circuits.

In various embodiments, the PLC device can include a
collector and a transmitter (e.g., a transformer coupling unit
“TCU”). The collector can include circuitry (e.g., including
one or more data processors and/or DSPs) that is configured
and arranged to communicate with the endpoint circuits over
power lines. The collector can also include circuitry for
interfacing with a command center 108 at a local utility
office or other location over a utility power line. The
interface to the command center 108 can be implemented
using a variety of different communication networks includ-
ing, but not limited to, a wide-area network (WAN) using
Ethernet.

According to certain embodiments of the present disclo-
sure, the collectors may be installed in power stations, power
substations, transformers, etc. to control bidirectional com-
munication between the command center 108 (e.g., located
at a utility office) and endpoints (e.g., located at metering
locations for customer sites). This messaging to the end-
points 104 can include the use of messages with addresses
that specify an individual endpoint, or broadcast messages
that can be addressed to a group of endpoints or even to all
endpoints connected to the collectors. Consistent with cer-
tain embodiments, the collectors are built according to an
industrial-grade computer specification and/or include a
plurality of DSP boards and daughter cards in order to
withstand the harsh environment of a power substation.

In some embodiments, a collector may take action based
on the data received from the endpoints 104 and transmit
data received from the endpoints 104 to the command center
108. For example, in a PLC network, the command center
108 can receive data indicating that power usage is signifi-
cantly higher in a particular portion of a power network than
in other portions of the power network. Based on this data,
the command center 108 can control the allocation of
additional resources to that particular portion of the network
(i.e., load balance) or provide data specifying that there is
increased power usage in the particular portion of the power
network.

Consistent with certain embodiments, the command cen-
ter 108 provides an interface that allows user devices 109
access to data received by the command center 108 via data
network 110. For example, the user devices 109 might be
owned by operators of a utility-provider, maintenance per-
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sonnel and/or customers of the utility provider. For example,
data identifying the increased power usage described above
can be provided to a user device 109, which can, in turn,
determine an appropriate action regarding the increased
usage. Additionally, data identifying a time-of-use measure
and/or a peak demand measure can also be provided to the
user devices 109. Similarly, if there has been a power
outage, the command center 108 can provide data to user
devices 109 that are accessible by customers to provide
information regarding the existence of the outage and poten-
tially provide information estimating the duration of the
outage.

The data network 110 can be a wide area network (WAN),
local area network (LAN), the Internet, or other communi-
cations network. The data network 110 can be implemented
as a wired or wireless network. Wired networks can include
any media-constrained networks including, but not limited
to, networks implemented using metallic wire conductors,
fiber optic materials, or waveguides. Wireless networks
include all free-space propagation networks including, but
not limited to, networks implemented using radio wave and
free-space optical networks.

Endpoints 104 can include communication circuits con-
figured to transmit data to collectors over a power line and
the PL.C network. For example, the communication circuit
can transmit data to collectors using different communica-
tion channels and/or different modulation techniques. For
example, the PLC network can use a modulation technique
such as frequency shift keying (FSK), phase shift keying
(PSK, e.g., Quadrature PSK or 8PSK), multiple tone fre-
quency shift keying (MTFSK, e.g., 2 of 9, or 2 of 46
MTFSK), Quadrature Amplitude Modulation (QAM, e.g.,
16 or 256 QAM), etc. A particular data modulation tech-
nique that is discussed herein is multi-tone frequency shift
keying (MTFSK). Encoded data symbols from a particular
endpoint may be transmitted over one of thousands of
communications channels in a PL.C system. Communication
channels may be allocated from various portions of spec-
trum over which data are transmitted. Each channel can be
further allocated into sub-channels. The center frequency
and bandwidth of each communications channel can depend
on the communications system in which they are imple-
mented. In some implementations, multiple communication
channels may use time slots to operate in one or more shared
frequency bands. For example, each endpoint can be
assigned a particular channel according to an orthogonal
frequency division multiple access (OFDMA) or another
channel allocation technique.

To communicate with particular endpoint circuits, the
signal-processing circuit of the PL.C device can create a
plurality of different data streams in a digital form. The
different data streams, as previously discussed, can respec-
tively be formatted according to different communication
schemes used for conveying the data symbols to certain of
the endpoint circuits. The different communication schemes
of the different data streams can include different modula-
tion techniques. For example, the different communication
schemes can include, but are not limited to, a frequency-shift
keying, a first type of phase-shift keying, another different
type of phase-shift keying, and amplitude-shift keying,
binary phase-shift keying, quadrature phase-shift keying,
spread spectrum, and quadrature amplitude modulation.

Consistent with embodiments of the present disclosure, a
collector can be configured to be in communication with
thousands of endpoints 104, and thousands of collectors can
be in connection with the command center 108. For
example, a single collector can be configured to communi-
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cate with over 100,000 endpoints and a command center can
be configured to communicate with over 1,000 collectors.
Thus, there can be millions of total endpoints and many
thousands of endpoints can communicate to the same col-
lector over a shared power distribution line. Accordingly,
embodiments of the present disclosure are directed toward
communication protocols that are designed for use in this
demanding context.

The endpoints 104 can provide data (e.g., power-meter
reports and initiation requests) over a PLC network by
transmitting data symbols over a power line using a data
communication channel. Each endpoint circuit (e.g., the
endpoint 104a) can include a metering circuit, a communi-
cation circuit and a processing circuit. The metering circuit
can receive or generate utility-meter data (e.g., power-meter
data) for utility-supplied alternating current (AC) power that
is provided over the power line that is part of the PLC
network. The metering circuit provides a communication
path between a utility meter and the processing circuit. For
example, the metering circuit can communicate with the
utility meter 102 (and/or the processing circuit) using wire-
less or wired communications. The utility-meter data can
include monitored characteristics related to power usage in
the network including, e.g., average or total power consump-
tion, power surges, power drops and load changes, among
other characteristics. In gas and water distribution networks,
meters can measure similar characteristics that are related to
gas and water usage (e.g., total flow and pressure). Each of
the meters can also transmit other data, such as status data
(e.g., operating in a normal operating mode, emergency
power mode, or another state such as a recovery state
following a power outage).

The communication circuit of the endpoints 104 can
transmit the utility-meter data over the power line and the
PLC network. For example, the communication circuit can
transmit the power-meter data to the collector circuitry over
the power line and that is formatted according to a commu-
nication scheme.

FIG. 2 depicts a system in which multiple endpoint
circuits are located at different locations, in accordance with
one or more embodiments of the present disclosure. End-
point circuits 204a, 2045, and 204¢ are each located at a
different location (customer premises) 224, 226 and 228,
respectively. Each endpoint circuit 204a, 2045, and 204¢ can
communicate with one or more collector circuits 220. As
illustrated by FIG. 2, in various embodiments, the commu-
nication can include different modulation schemes. Compli-
cating this communication is the potential for one or more
transformers 215 to be located between the endpoints 204a,
2045, and 204¢ and the collector 220. Moreover, many
thousands of endpoints 204a, 2045, and 204¢ can commu-
nicate with a single collector 220 and therefore the data
bandwidth requirements can be significant even without
large amounts of data being transmitted from each endpoint.

In certain embodiments, one or more collectors 220 can
be located at a power substation 206. From the substation
206, power distribution lines are routed to different loca-
tions, including various customer premises. In some
instances, additional transformer(s) 215 can step down volt-
age of the provided power for local delivery to such prem-
ises.

As illustrated by FIG. 2, a transmitter 218 and an injection
transformer 216 are further located at the power substation
206. Although the embodiment of FIG. 2 illustrates the
transmitter 218 and the collector 220 as separate boxes, in
accordance with various embodiments a PLC device can
include both the transmitter 218 and the collector 220. For
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example, the PL.C device can include a signal-processing
circuit, a pulse-modulation circuit, and an output circuit. The
collector circuitry 220, in various embodiments, can be at
least one DSP board, as illustrated by FIG. 5. The DSP board
can include the signal-processing circuit and a daughter
card. The daughter card, for example, can include the
pulse-modulation circuit. The transmitter circuitry 218 can
include an output circuit that includes switching circuitry
(e.g., high power switches that might include IGBTs or
power MOSFETS).

The injection transformer 216 can include circuitry con-
figured and arranged to couple the transmitter 218 (e.g.,
TCU) to the power lines. The transformer 215 can include
circuitry configured and arranged to provide power to resi-
dential and/or commercial buildings. Although the injection
transformer 216 is illustrated as separate circuitry, in various
embodiments, the injection transformer 216 can include a
component of the transmitter 218.

FIG. 3 is a block diagram of an example power substation
with a PLC device, in accordance with one or more embodi-
ments of the present disclosure. As illustrated by FIG. 1, the
substation can include a collector 320, an injection trans-
former 316, and a transmitter 318, in various embodiments.

The collector 320 can include a signal-processor circuit
and a pulse-modulation circuit. For example, the signal-
processor circuit can receive a plurality of different data
streams (in digital form) to be transmitted to endpoint
circuits and combine the plurality of different data streams
to form a signal that represents each of the data streams and
their corresponding communication schemes. In certain
embodiments, the combined signal can be converted to the
analog realm using a digital-to-analog converter (DAC). The
combined signal can be converted by the pulse-modulation
circuit to a PWM or PDM signal.

According to embodiments, the combination of different
signals and the analog to digital conversion processing can
introduce unwanted frequencies to the combined signal.
This can include frequency components that are higher than
the carrier frequency of the different communication
schemes, partly due to the switching frequency of the
pulse-modulation circuit. The transmitter 318 can include an
output circuit 330-1, 330-2, 330-3 that includes one or more
filters designed to attenuate unwanted frequencies, such as
the switching frequency. This can include, for example, a
low-pass filter, a band-pass filter, a notch filter, and combi-
nations thereof. The output circuit 330 can also be config-
ured to provide the filtered PWM or PDM signal to the
injection transformer 316.

In various embodiments, the transmitter 318 further
includes at least one control board 334-1, 334-2, 334-3, at
least one switching circuit 332-1, 332-2, 332-3, and at least
one output circuit 330-1, 330-2, 330-3 coupled to the
injection transformer 316. Each control board 334 can
include processor circuitry configured to provide control
functions for the switching circuits 332. Fach switching
circuit 332 can be configured and arranged to receive pulse
signals from the collector 320. For example, the pulse
signals from the pulse-modulation circuit can be used to
drive the switching circuits 332. Example switching circuits
can use an Insulated-Gate Bipolar Transistor (IGBT) based
“H-bridge”, a metal-oxide-semiconductor field-effect tran-
sistor (MOSFET), or other suitable high-power switches.
The collector 320 can be connected, such as with fiber optic
connections, to the control boards 334 to drive the switching
circuits 332. The injection transformer 316 is used to couple
the transmitter 318 outputs onto power lines.
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In a number of embodiments, the transmitter 318 can
include power supplies and/or repeaters. The power supplies
can provide different voltage levels for different types of
circuits, such as the switching circuits and output circuits. In
some embodiments, a separate connection (e.g., fiber optic
connection) from the collector 320 can go to each of the
control boards 334. For instance, three separate fiber optic
lines can be used to send data to a respective control board.
The fiber optic lines can be physically grouped into a fiber
optic bundle, or separately routed to the control boards.
Alternatively, the connection, such as a fiber optic connec-
tion, from the collector 320 can go to one control board (e.g.,
control board 334-1), and the respective control board can
include a repeater. The repeater can repeat the signal
received by the control board and send the signal to the next
control board (e.g., control board 334-2) in the chain.
Similarly, the next control board can include a repeater
configured to repeat the signal received from the control
board and send to the next control board (e.g., control board
334-3).

As discussed herein, three phase power can be used in
which there are three corresponding and different phase
lines. According to embodiments, transmitter 318 can be
configured to include up to three control boards 334-1,
334-2, 334-3, three switching circuits 332-1, 332-2, 332-3,
and three output circuits 330-1, 330-2, 330-3 coupled to the
injection transformer 316 to allow for transmission of sig-
nals on each of the three phases lines. For example, the
transmitter 318 can couple the data symbols by presenting a
filtered PWM or PDM signal to at least one of the three
phase lines via the injection transformer 316. In various
embodiments, the filtered PWM or PDM signal can be
identically presented to all three phase lines. In certain
embodiments, each phase line can be used to transmit
different data.

The filter of the output circuit 330 can allow for efficient
transmission of downstream signals, filtering of the switch-
ing frequency (e.g., the high frequency components), and
can include isolation circuitry that can prevent the AC power
line voltage from overwhelming the switching circuits 332.
In various embodiments, the filter of the output circuits 330
include a band-pass filter. A band-pass filter, as used herein,
restricts the spectral components that are transmitted to the
endpoints to those spectral components that are included in
the “pass-band” of the filter (e.g., as defined by an upper
cutoff frequency (“fu”) and a lower cutoff frequency (“fi”)).
For example, the band-pass filter in some embodiments can
allow for transmission of signals between 300 (Hertz) Hz to
2000 Hz. In various embodiments, the signal-processing
circuit and the pulse-modulation circuit provide linear
amplification of the plurality of different data streams (e.g.,
the combined signal) with a threshold not less than a
minimum power level across a bandwidth range of between
300 Hz. to 2000 Hz.

Consistent with embodiments, the system can be config-
ured to allow for the transmitted signal to be properly
coupled through the injection transformer 316 to the end-
points with little or no tuning to the collector and transmitter
circuits (whether in assembly or in the field).

In accordance with various embodiments, the transmitter
318 can include additional and/or fewer elements and/or
components than illustrated by FIG. 3. For example, the
transmitter can include disabling circuitry. The disabling
circuitry can disable the transmitter 318 in response to at
least one of a loss of the PWM or PDM signal from the
pulse-modulation circuit and detection of a temperature over
a threshold degree.
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FIG. 4 is a block diagram of an example collector
circuitry of a multi-scheme PLC device, in accordance with
one or more embodiments of the present disclosure. As
previously discussed, the collector circuitry can be one or
more DSP boards 440 and can include a signal-processing
circuit. In various embodiments, the signal-processing cir-
cuit can include at least one DSP on the DSP board 440. In
a number of embodiments, multiple DSP boards 440 can be
located at a power substation (e.g., each board being a
separate blade within a common enclosure) and connected to
a single board computer 442. The collector circuitry can
further include a suitable (e.g., Ethernet) connection to the
DSP boards. Data that corresponds to the data streams
generated by the signal-processing circuit can be received
using the Ethernet connection. The signal-processing circuit
generates the plurality of different data streams in a digital
form using the data received (and based on the different
communication schemes) and combines the plurality of
different data streams to form a signal.

FIG. 5 is a block diagram of an example DSP board, in
accordance with one or more embodiments of the present
disclosure. As illustrated by FIG. 4, in various embodiments,
the DSP board can include one or more DSPs 541. Further,
in various embodiments, the pulse-modulation circuit, can
be located on a downstream daughter card 548 of the DSP
boards. The daughter card can be a separate PCB board that
is connected to the DSP boards through electrical and
physical connector(s). The use of a separate daughter board
can be particularly useful for providing additional board
space and for allowing for replacement or upgrades of
daughter boards separately from the base/control board.

In accordance with a number of embodiments, the DPS
board can include interface circuitry 544. The interface
circuitry 544 can be configured to handle communications
between the DSPs 541, the downstream daughter card 548,
and the single board computer. Further, in various embodi-
ments, the DSP board can include another (analog) daughter
card 546. For example, the analog daughter card 546 can
include an analog circuit configured to detect incoming
signals (e.g., data symbols) from the endpoint circuits. The
interface circuitry 544 can connect the analog daughter card
546 to the DSPs 541 and/or the single board computer.

FIG. 6 is a flow diagram illustrating combining multiple
different data streams to form a signal and modulating the
signal in a PL.C network, in accordance with one or more
embodiments of the present disclosure. A signal-processing
circuit can generate (e.g., create) a plurality of different data
streams 650-1, 650-2. For example, using data received, the
signal-processing circuit creates the different data streams in
a digital form based on the different communication
schemes. The plurality of different data streams 650-1,
650-2 can be for particular endpoint circuits that are con-
figured to communicate using different communication
schemes. For example, each of the plurality of different data
streams 650-1, 650-2 can be formatted according to the
different communication schemes used for conveying data
symbols to certain of the endpoint circuits. As illustrated by
FIG. 6, the different data streams 650-1, 650-2 can corre-
spond to different communication schemes having different
carrier frequencies.

The plurality of different data streams 650-1, 650-2 can be
combined at 652, such as by summing, using the signal-
processing circuit and transmitted to a pulse-modulation
circuit via an interface circuit. In various embodiments, a
DSP board can include the signal-processing circuit and a
downstream daughter card 648 of the DSP board can include
the pulse-modulation circuit.
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The pulse-modulation circuit, in some embodiments,
includes a digital-to-analog converter (DAC) 654, a low
pass filter 656, an analog-to-PWM converter 658, and inter-
face circuitry 662 (e.g., fiberoptic transmitter). For example,
using the interface circuit from the DSP board, the combined
signals 652 are transmitted to the downstream daughter card
648 of the DSP board.

The DAC 654 converts the input combined signal 652
from the signal-processing circuit (e.g., the DSP board) to
analog signals. The low pass filter 656 filters the analog
signals and provides the filtered signal to the analog to PWM
converter 658. For example, when data streams are com-
bined, such as data streams having different carrier frequen-
cies, the combined signal can have unwanted (e.g., high)
frequencies that will not be used by the endpoint circuits and
that may, for example, cause interference with wireless
devices near the power lines. The low pass filter can filter the
unwanted frequencies out from the combined signal. The
analog to PWM converter 658 converts the analog filter
signals, as combined by the signal-processing circuit, to a
PWM or PDM signal, as previously discussed. As illus-
trated, the pulse-modulation circuit, in various embodi-
ments, includes a clock generation circuit 660. The clock
generation circuit 660 generates a timing signal correspond-
ing to the switching frequency.

The interface circuitry 662 of the daughter card 648
couples the output of the daughter card 648 to the transmitter
(e.g., the TCU). As illustrated, in various embodiments, the
interface circuitry 662 of the daughter card 648 includes a
cable, such as a fiberoptic cable. In various embodiments,
the PWM or PDM signal is transmitted as a fiber optic signal
to the transmitter.

FIG. 7 is a flow diagram illustrating a process of provid-
ing data over a power-line communication network in accor-
dance with one or more embodiments of the present disclo-
sure. The process can be used, for example, to
simultaneously provide data over power-lines using multiple
different data streams and corresponding communication
schemes.

At block 770, the process includes generating a plurality
of different data streams in a digital form. Fach of the
plurality of digital data streams is formatted according to a
different communication scheme used for conveying the
data symbols to certain endpoint circuits. The plurality of
different data streams, at block 772, are combined to form a
signal that represents the combination of the data streams
and corresponding communication schemes. The plurality of
different data streams can be combined by summing, for
example. Further, the signal, as combined, is transmitted to
a pulse-modulation circuit. A signal-processing circuit can
generate and combine the plurality of data streams and an
interface circuit of the signal-processing circuit can couple
the signal-processing circuit to the pulse-modulation circuit
for transmission of the signal.

At block 774, the process includes converting the signal,
as combined, as a PWM or PDM signal using the pulse-
modulation circuit. The pulse-modulation circuit can switch
at a frequency of at least 10 KHz, or at least 15 KHz, and
more than the carrier frequency of the plurality of different
communication schemes. The switching frequency, in accor-
dance with various embodiments, can result in frequency
components in the PMW or PDM signal that are above the
carrier frequency of the different communication schemes
(e.g., high frequency components that correspond with the
switching frequency). At block 776, the process includes
transmitting the PWM or PDM signal to the transmitter (e.g.,
using a connection between the collector circuitry and the
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transmitter). At block 778, a power signal, for transmission
on a power line, can be generated using the transmitter.

At block 780, the process includes filtering the switching
frequency from the PWM or PDM signal using a band-pass
filter. An output circuit can include the band-pass filter and
can be used to filter the switching frequency and couple the
filtered signal to an injection transformer.

At block 782, the process includes transmitting the fil-
tered PWM or PDM signal to one of three phase lines via an
injection transformer for presentation to endpoint circuits.
Further, at block 784, the filtered PWM or PDM signal can
be transmitted over power lines to endpoint circuits using
the injection transformer.

Various blocks, modules or other circuits may be imple-
mented to carry out one or more of the operations and
activities described herein and/or shown in the figures. In
these contexts, a “block” (also sometimes “circuit”, “logic
circuitry” or “module”) is a circuit that carries out one or
more of these or related operations/activities (e.g., combine
a plurality of different signals, convey the signals as a PWM
or PDM signal, or filter the switching frequency). For
example, in certain of the above-discussed embodiments,
one or more modules are discrete logic circuits or program-
mable logic circuits configured and arranged for implement-
ing these operations/activities, as in the circuit modules
shown in FIGS. 3-6. In certain embodiments, such a pro-
grammable circuit is one or more computer circuits pro-
grammed to execute a set (or sets) of instructions (and/or
configuration data). The instructions (and/or configuration
data) can be in the form of firmware or software stored in
and accessible from a memory (circuit). As an example, first
and second modules include a combination of a CPU
hardware-based circuit and a set of instructions in the form
of firmware, where the first module includes a first CPU
hardware circuit with one set of instructions and the second
module includes a second CPU hardware circuit with
another set of instructions.

Certain embodiments are directed to a computer program
product (e.g., nonvolatile memory device), which includes a
machine or computer-readable medium having stored
thereon instructions which may be executed by a computer
(or other electronic device) to perform these operations/
activities.

The various embodiments described above are provided
by way of illustration only and should not be construed to
limit the invention. Based upon the above discussion and
illustrations, those skilled in the art will readily recognize
that various modifications and changes may be made with-
out strictly following the exemplary embodiments and appli-
cations illustrated and described herein. For instance,
although implementations may in some cases be described
in individual figures, it will be appreciated that features from
one figure can be combined with features of another figure
even though the combination is not explicitly shown or
explicitly described as a combination. It is intended that the
specification and illustrated embodiments be considered as
examples only, with a true scope of the invention being
indicated by the following claims.

What is claimed is:

1. A power-line communication apparatus comprising:

a signal-processing circuit configured and arranged to
combine a plurality of different data streams, each of
the plurality of different data streams respectively for-
matted according to different communication schemes
used for conveying data symbols to certain endpoint
circuits of a power-line communication network, to
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form a signal that represents a combination of the
different data streams and corresponding communica-
tion schemes;

a pulse-modulation circuit configured and arranged to
convert the signal, as combined by the signal-process-
ing circuit, to a pulse-width modulated (PWM) or a
pulse-density modulated (PDM) signal, the pulse-
modulation circuit configured and arranged to switch at
a frequency of not less than 10 kilohertz (KHz); and

an output circuit configured and arranged to filter the
switching frequency from the PWM or PDM signal and
couple the filtered PWM or PDM signal to an injection
transformer for presentation to the endpoint circuits.

2. The power-line communication apparatus of claim 1,
wherein the signal-processing circuit is configured to com-
bine the plurality of different data streams by summing the
plurality of different data streams.

3. The power-line communication apparatus of claim 1,
wherein the signal-processing circuit is further configured
and arranged to adjust, in response to a control signal, a duty
cycle parameter of the pulse-width modulated signal by a
change of its amplitude.

4. The power-line communication apparatus of claim 1,
wherein the output circuit is further configured and arranged
to couple the filtered PWM or PDM signal by presenting a
filtered signal to at least one of three phase lines via the
injection transformer.

5. The power-line communication apparatus of claim 1,
wherein the signal-processing circuit and the pulse-modu-
lation circuit are configured and arranged to provide linear
amplification of the plurality of different data streams with
a threshold not less than a minimum power level across a
bandwidth range of between 300 Hz to 2000 Hz.

6. The power-line communication apparatus of claim 1,
wherein the signal-processing circuit and the pulse-modu-
lation circuit are further configured and arranged to adjust,
in response to a control signal, the duty cycle of the PWM
signal by changing the shape and/or amplitude.

7. The power-line communication apparatus of claim 1,
wherein the different communication schemes, of the plu-
rality of different data streams, include at least two selected
from the following list: frequency-shift keying; a first type
of phase-shift keying; another different type of phase-shift
keying; and amplitude-shift keying.

8. The power-line communication apparatus of claim 1,
wherein the different communication schemes, of the plu-
rality of different data streams, include two selected from the
following list: frequency-shift keying; phase-shift keying;
binary phase-shift keying; and quadrature phase-shift key-
ing.

9. The power-line communication apparatus of claim 1,
wherein the different communication schemes, of the plu-
rality of different data streams, include one selected from the
following list: frequency-shift or phase-shift keying; on-off
keying; spread spectrum; and quadrature amplitude modu-
lation.

10. The power-line communication apparatus of claim 1,
wherein the output circuit is configured and arranged to
transmit the different data streams corresponding to the
different communication schemes simultaneously.

11. A system comprising:

a signal-processing circuit configured and arranged to
combine a plurality of different data streams, each of
the plurality of different data streams respectively for-
matted according to different communication schemes
used for conveying data symbols to certain of endpoint
circuits of a power-line communication network, to
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form a signal that represents a combination of the
different data streams and corresponding communica-
tion schemes;

a pulse-modulation circuit configured and arranged to

convert the signal, as combined by the signal-process-
ing circuit, as a pulse-width modulated (PWM) or a
pulse-density modulated (PDM) signal, the pulse-
modulation circuit configured and arranged to switch at
a frequency of not less than 10 kilohertz (KHz) and
more than a carrier frequency of each of the plurality of
different data streams;

an output circuit configured and arranged to filter the

switching frequency from the PWM or the PDM signal
and to couple the filtered PWM or PDM signal to an
injection transformer for presentation to the endpoint
circuits; and

the injection transformer configured and arranged to

couple the filtered PWM or PDM signal to power lines
for delivery to the endpoint circuits.

12. The system of claim 11, wherein the output circuit is
configured and arranged on transmitter circuitry, the trans-
mitter circuitry further include disabling circuitry configured
and arranged to disable the transmitter in response to at least
one of:

loss of the PWM or PDM signal from the pulse-modula-

tion circuitry; and

a detection of temperature over a threshold degree.

13. The system of claim 11, wherein the pulse-modulation
circuit includes a clock generation circuit configured and
arranged to generate a timing signal corresponding to the
switching frequency.

14. The system of claim 11, wherein the output circuit is
configured and arranged to prevent the switching frequency
from being transmitted on utility power lines.

15. The system of claim 11, wherein the PWM or PDM
signal contains an amplitude, a phase, a frequency and a
modulation of the plurality of different data streams when
combined.

16. The system of claim 11, wherein the pulse-modulation
circuit further includes an interface circuit configured and
arranged to transmit the PWM or PDM signal to the output
circuitry.
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17. A method for providing data over a power-line com-
munication network by transmitting data symbols to end-
point circuits over power lines using a data communication
channel, the method including:

combining, by summing, a plurality of different data

streams to form a signal that represents a combination
of the different data streams and corresponding com-
munication schemes, each of the plurality of different
data streams respectively formatted according to dif-
ferent communication schemes used for conveying data
symbols to certain of the endpoint circuits, and each of
the plurality of different data streams respectively cor-
responding to different carrier frequencies;

converting the signal, as combined, as a pulse-width

modulated (PWM) or a pulse-density modulated
(PDM) signal using a pulse-modulation circuit config-
ured and arranged to switch at a frequency of not less
than 10 kilohertz (KHz) and more than the different
carrier frequencies;

filtering the switching frequency from the PWM or the

PDM signal using a band-pass filter;
transmitting the filtered PWM or PDM signal to at least
one of three phase lines via an injection transformer for
presentation to the endpoint circuits; and
transmitting, using the injection transformer, the filtered
PWM or PDM signal to the endpoint circuits over
power lines.

18. The method of claim 17, wherein transmitting the
filtered PWM or PDM signal to the endpoint circuits
includes simultaneously transmitting data streams respec-
tively formatted according to the different communication
schemes using the transmitter and the injection transformer.

19. The method of claim 17, further including detecting
incoming data symbols from certain of the endpoint circuits,
the incoming data symbols respectively corresponding to
different communication channels having different modula-
tion schemes.

20. The method of claim 17, disabling the transmitter in
response to loss of the pulse-wave signal from the pulse-
modulation circuitry.



